Abstract
Introduction and context

23
Internationally, the last two decades have witnessed a large number of microbial and chemical 24 contamination incidents (Table 1) , many of which have led to illness and even fatalities in the community. In 4 listed a sequence of 12 elements it considered to be good practice for the management of drinking water 1 supplies from catchment to consumer. In 2002, the NHMRC provisionally redrafted its guidelines (NHMRC,   2 2002), incorporating the Framework's 12 elements as its focus. An amended draft was officially endorsed 3 two years later (NHMRC, 2004) . This was intended to introduce a standard approach throughout the industry 4 and establish due diligence and credibility. The process is divided up into four main sections:
5
• a commitment to drinking water quality management; 6
• system analysis and management; 7
• supporting requirements e.g. employee training, community involvement, research and development, 
10
In a field that is largely practitioner-led, the development and implementation of water safety plans Determine the critical control points (CCP). Establish a system to monitor control of the CCP.
5.
Establish the corrective action to be taken when monitoring indicates that a particular CCP is 4 not under control.
5
6. Establish procedures for verification to confirm that the HACCP system is working effectively. points' where they can be monitored and reduced. Its application to drinking water supplies was first 10 described in the Netherlands by Havelaar (1994 
14
• aluminium contamination due to coagulant overfeeding;
15
• microbiological contamination due to chlorine underfeeding; and
16
• microbiological contamination due to chlorine dysfunction.
17
Critical limits were set for chlorine and residual aluminium concentrations. Although it is possible that this 18 exercise did provide some benefit (e.g. through the tightening of controls), HACCP and water safety plans in 19 general, will only be useful if they lead to a demonstrable and actionable improvements either in 20 understanding or in the design or operation of a water supply system. If the approach is to be truly proactive,
21
water suppliers should try to avoid identifying hazards retrospectively to suit existing controls; otherwise the 22 exercise may become bureaucratic and tend towards tokenism rather than active risk management.
23
Perhaps the most critical aspect to HACCP and water safety plans is that these may inadvertently 24 become exercises in documenting something that companies already do rather than a step change in the with water quality issues, it may be simpler for them to try to prevent certain, well-accepted hazardous events 25 from occurring at the plant level (e.g. the loss of chlorination) rather than trying to direct spare resources to 26 hazards they may know little about and have less control over (e.g. E. coli, Cryptosporidium in catchments). approaches to barrier analysis is that approaches may be driven more by a willingness to comply and less by 11 concern for assessing and managing risk, leading to a progressive overstating of a barrier's effectiveness.
12
Often overlooked is the significance of (a) barrier integrity and (b) barrier independence. 
4
• exposure of populations to microbial pathogens through less tightly regulated private water supplies;
5
• ingress into water supply distribution systems; 6
• short-circuiting of raw water storage reservoirs; 7
• surface water intrusion into groundwater supplies; 8
• deliberate bypass of a treatment stage; 9
• reduced filter effectiveness during ripening after backwashing;
10
• failure by staff to observe correct operational procedures and practices;
11
• improper application of fertilizers and pesticides to land in drinking water catchments;
12
• illegal discharge of trade wastes into sewers or water courses upstream of a treatment works; and
13
• sabotage or deliberately released contamination. Partnership is deemed to be highly credible, having been informed and authenticated by an independent third 3 party group. Arguably, in a regulated system, it is unlikely that all optimisation programmes will be 4 determined uniquely through companies' own risk assessment projects. Works' design and operation will 5 continue to be influenced by new regulatory standards and 'good practice' guides such as that provided by the 6
Partnership and other expert groups, reviews and inquiries (e.g. Badenoch, 1990 Badenoch, , 1995 Bouchier, 1998 techniques (e.g. extreme value probability plotting for microbial pathogens, Ongerth, 1989 ). This
can be useful as long as the 'systems-view' ethos of water safety plans is not compromised i.e. that 14 suppliers do assume that a supply is safe solely from its monitoring record.
15
• Monitor-based controls -It is proposed that some of these initiatives (e.g. statistical process control,
16
turbidity improvement programmes, works intake protection monitoring) have such an importance 17 within the field of quality management that they should be considered in their own right, irrespective 18 of whether or not they are explicitly 'risk-based' and included within water safety plans.
19
• Barrier validation -The continuous validation of barrier integrity is a key part of water safety plans. As with many other utility sectors, water suppliers are increasingly seeking to establish sound risk 8 governance throughout all levels of the business to safeguard the interests of their customers and investors.
9
To this end, different risk assessment tools and techniques have been developed that facilitate a consistent 10 approach to risk management across companies, thereby promoting an 'integrated' approach where risk 11 information can be read across from one business area to another.
12
In England and Wales, for example, water companies are required to adopt a risk-based approach in 
20
Other risk management, optimisation and monitoring initiatives are also important in protecting 21 water supplies. A framework provided can be used to for organizing these into an integrated system.
22
As the industry moves towards a more integrated approach to managing its risks, the ways in which 23 risk information and strategies are 'read across' to other business areas e. Table 1 1 Some documented water quality incidents
